• A method to estimate the granular size of an economy is proposed.
Introduction
In mainstream macroeconomics, firm-level idiosyncratic shocks are assumed to average out in aggregate (Lucas, 1977) , contributing just marginally to macroeconomic fluctuations. This idea has been challenged by the empirical work of Gabaix (2011) , who explicitly tests on what extent those shocks account for aggregate fluctuations. He has shown that the idiosyncratic shocks to the largest 100 firms have a significant impact on the business cycle fluctuations of United States, accounting approximately for one-third of GDP variations. Aggregate fluctuations, therefore, can be partially attributed to the destinies of well identified "grains", which are few very large firms. If an economy is characterised by such behaviour, it is defined as a granular economy.
After the seminal work of Gabaix (2011) , other studies have found that several macroeconomic variables exhibit granular fluctuations, such as exports (del Rosal, 2013; di Giovanni et al., 2017) or investments (Grullon et al., 2013) . The granular behaviour can also be observed at sectoral level, for example in the banking (Blank et al., 2009) or manufacturing sector (Wagner, 2012) . In those empirical contributions, however, the number of what are considered granular firms is exogenously given.
Based on the methodology proposed by Gabaix (2011) , in this paper, we aim at calibrating how many are the granular firms, i.e. to determine the granular size of the economy. To the best of our knowledge, we are the first to address this issue in the literature.
The paper is organised as follows: the description of the data and the empirical methodology is presented in Section 2. Section 3 shows the main results and Section 4 concludes.
Data and Methodology
In order to perform our empirical analysis, we use the SABI (Sistema de Análisis de Balances Ibéricos) database, which collects accounting data from Spanish firms. For our purpose, we are interested in the annual volume of sales and the corresponding number of employees as well as the activity carried out by each individual firm, which is coded in the SIC code. The initial sample obtained from SABI is made up of the 10000 largest Spanish firms 1 in the period ranging from 1995 to 2016, ranked by their volume of sales. Following Gabaix (2011) , firms whose SIC codes are among the following numbers have been filtered out: 1311, 1389, 2911, 2999, between 4900 and 4940, 5052, 5172 and between 6000 and 6999. These firms are, in fact, engaged in activities whose impact on their sale fluctuations are directly related to changes in world commodity prices (e.g. oil companies), which cannot be considered idiosyncratic shocks, or are financial companies, whose sales do not stem from manufactured goods (e.g. banks). After the filtering procedure, the number of remaining firms is 9072. Macroeconomic data (GDP, GDP per capita and GDP deflator) are taken from the World Bank's Development Indicators database.
As proposed by Gabaix (2011) , we construct the measure of the idiosyncratic labour productivity shocks to the top K firms, which is called granular residual :
where S i,t−1 is the deflated volume of sales of firm i in year t − 1, Y t−1 is the real GDP in year t − 1 and g i,t −ḡ Q t is the demeaned labour productivity growth rate, considered as a proxy for the idiosyncratic shock to firm i in year t. The termḡ Q t is the cross-sectional median of g i,t computed among the top Q firms, with Q ≥ K. Labour productivity growth of firm i in year t is defined as:
where E i,t is the number of employees of firm i in year t. In order to avoid the effect of outliers, the demeaned productivity growth rates have been winsorized at 90% level. Following Gabaix, we employ the explanatory power (R 2 ) of the following regression to assess to which extent idiosyncratic shocks account for aggregate fluctuations:
where g Y t is per capita real GDP growth rate. Based on the Hulten's theorem (Hulten, 1978) , Gabaix (2011) illustrates how the coefficients β i s provide an estimation of the factor usage. 2 In order to have an intuition for the value of the factor usage of the Spanish economy, we apply the approximate calculation proposed by Gabaix (2011) :
where h = 0.048 is the square root of the Herfindahl index for sales of the 100 largest firms, σ π = 0.13 is their cross-sectional standard deviation of the productivity growth rate, averaged across the entire period, and σ GDP = 0.024 is the estimated GDP standard deviation in the considered period.
From eq. (4), the calibrated value of the factor usage is µ = 3.8. The estimated coefficients from equations (3) and (4) exhibit, indeed, similar values (see Table 1 ).
3 Results
The Spanish economy is granular
We first check whether the Spanish economy is granular by computing the explanatory power of the granular residual for a given number of large firms. Table 1 shows the results of the estimation of the coefficients β i s, considering different specifications of the OLS in eq. (3). With K = Q = 100, our results 3 indicate that the Spanish economy is granular since the granular residual accounts approximately for 45% of variations of GDP growth. This value turns out to be higher than the explanatory power reported by Gabaix for the American economy. Our results provide a further empirical support to the granular hypothesis, extending its validity to the Spanish economy. The identification of the Spanish (or American) economy as a granular economy is based on an exogenous choice for the number of large firms in eq. (1). Such "pointwise" estimation of the R 2 does not provide information on the extent of the granular region since the number of considered firms is arbitrarily chosen. Therefore, we may underestimate the contribution of the granular term to the GDP fluctuations, considering too few granular firms, or overestimate its impact, including too many firms in eq. (3).
The granular size of the Spanish economy
We propose a novel methodology in order to calibrate the granular size of the economy, using the Spanish data as an illustrative example. To be more precise, our aim is to calibrate the number of the granular firms, K * . As a first step, we analyse how the explanatory power of the granular residual behaves when we progressively increase K in eq. 1, in the range 1 ≤ K ≤ Q = 1000. 4 Figure 1 shows the evolution of the R 2 as a function of K, to which we refer as the "granular curve" (the upper curve in Figure 1 ). This curve is characterised by: (i) a sharp increase of the R 2 when a reduced 3 We analyse the specification K = Q = 100 to have a direct comparison to the estimates reported by Gabaix (2011) . 4 We now include one lag in the OLS because of the short length of the time series. Our results are robust when including two lags or considering the entire sample of available firms (material upon request). Per capita GDP growth g Y t is regressed on the granular residual Γ t in column 1, adding one lag in column 2 and adding two lags in column 3. Robust standard errors to autocorrelation are given in parentheses. * * * Significance level at the 1%, * * 5%, * 10%. number of large firms is gradually included in the calculation of the granular residual (roughly the largest one hundred firms); (ii) an almost steady value of the R 2 when including additional firms.
In order to validate our results, let us introduce the equal-weight benchmark by replacing the empirical weights in eq. (1) with constant weights for all firms, i.e. posing S it = S * t , while keeping unchanged the corresponding idiosyncratic shocks. 5,6 Such benchmark quantifies the contribution of the Our results indicate that the heterogeneity of firms cannot be discarded value of µ from eq. (4). Without introducing the bounded interval for βi, the coefficients can exhibit values unrealistically high (some time higher than 30), considering that βi are proxies for the factor usage. Interestingly, when computing the granular curve, the coefficients βi never crosses the boundaries. when modelling aggregate fluctuations. As a further evidence of the importance of the heterogeneity of firms, Figure 1 shows the transition from the granular curve to the equal-weight benchmark, when we progressively remove the L largest firms in Γ t . 7 The curves representing the explanatory power of the OLS regression as a function of K and for given values of L, R 2 (K, L), exhibit smoother curvatures for large values of L, reaching lower explanatory power. In particular, the curve R 2 (K, 500) is almost indistinguishable from the equal-weight benchmark, indicating that the remaining heterogeneity among firms has a negligible impact on aggregate fluctuations.
In order to calibrate the granular size of the economy, we empirically analyse the sensitivity of the R 2 (K, L) curves to increased values of L, i.e. to a gradual elimination of the larger firms. Figure 2 plots the average cumulative explanatory power, i.e. the average cumulative R 2 s, as a function of L:
A simple method to calibrate K * is, therefore, to approximatively identify the interval where the C(L) curve intersects the curve of the average cumulative explanatory power of the equal-weight benchmark. Point 3 in Figure 2 indicates that the granular size of the Spanish economy is approximately K * ≈ 450 firms.
Interestingly, the inset of Figure 2 shows that the C(L) curve does not decreases steadily. Instead, it exhibits some well-defined regions where it remains almost unchanged (the plateaus indicated by points 1 and 2 in Figure 2 ). It seems that, within the group of granular firms, we can identify an inner granular structure, due to different degrees of heterogeneity among the granular firms. In principle, we could introduce alternative criteria to calibrate K * , taking into account the granular inner structure. However, this comes at a cost of introducing a certain arbitrariness into the choice of K * .
Conclusions
In this paper, we have introduced a novel methodology to calibrate the number of granular firms in an economy. We have applied such method to the Spanish economy, calibrating in approximately 450 its number of the granular firms. We plan to apply our methodology to other countries. An international comparison will allow to refine the definition of the granular size of the economy introduced in this paper, by including the empirically identified inner granular structure.
